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Because of the difficulty of obtaining material there have been only a few 
investigations on the development of the lamp-shell, Testicardines of Brachiopoda. 
In Japan no study has been carried out on the development of the egg of 
Testicardines except for a study on the metamorphosis of Frenulina sanguinolenta 
(Harada, I, and R. Marro 1960). In Mutsu bay two species of the lampshell, 
Terebratalia coreanica and Coptothyris grayi are found attaching to small stones 
with their peduncles on the sea bottom in the depth of about 30 meters where scal-
lops are cultivated. The sexes of both species are separate and no external 
morphological difference is detected. between them. The gonads can be seen ex-
panding to the inner walls of the both of ventral and dorsal shell. The ovaries 
are red and testes whitish red. The breeding season of both species is from October 
to the middle of N civember. The ripe animals of both species spawn and the germ 
cells are free in the sea water. Eggs are also obtained by removing the ovaries, 
cutting them, and allowing the eggs to roll out. Therefore, the developing eggs 
which were used in the present study were obtained by spontaneous spawning 
and artificial insemination. The external features and the developmental patterns 
of the eggs of both species closely resemble each other though they are of genera. 
Eggs are covered with the follicle membrane when first taken out from the ovary 
(Fig. 1), but one or two hours later they become free from the follicles in the sea 
water. Simultaneously, the germinal vesicle disappears although it is found in 
the eggs still covered with ovarian follicles, and then the eggs become ready to be 
fertilized. Natural spawning occurs in such a condition of the eggs. Spermatozoa 
also are immobile when they are removed from the testis, but in the sea water they 
soon become active and fertilizable. The mature egg of both species is discoidal 
in shape, measuring approximately 130 microns in diameter and 90 microns in 
height (Fig. 2). The egg surface is uneven and angulated. The egg is red in color 
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and opaque, and covered with a thick jelly layer. The fertilization occurs soon 
after mixing the eggs and sperms in the sea water. Two or three minutes after 
fertilization the egg surface becomes smooth, and after five minute~ a membrane 
is recognized on the surface. Preceding the formation of the polar body the mem-
brane becomes uneven in the animal pole.. And later, the same structure can be 
also observed in the vegetal pole (Fig. 3). Twenty-five minutes after fertilization 
the first polar body is formed. Two or three polar bodies were observed in the 
cleaving eggs. About one hour after fertilization the first cleavage occurs (Fig. 
4). Cleavage is total and equal. The first two cleavages are meridional; they go 
through the animal and vegetal poles at right angles to each other. The third 
cleavage is not definite in pattern; in some eggs cleavage occu;s again meridionally 
forming a doughnut shape (Fig. 5); in others horizontally; intermediate patterns 
are also observed. At the morula stage (Fig. 6) a pore is found in the animal and 
vegetal pole, but it is closed as the cleavage proceeds. The early blastula is ir-
regular in shape and not so tight in the cell connection. In the ciliated blastula 
the embryo becomes round and compact, and smaller in diameter than the early 
blastula. At about seven hours an invagination occurs (Fig. 8). The larva is too 
opaque to be observed internally. The apical tuft is formed (Fig. 7). The organ-
ization of the larvae is radially symmetrical in polar view until this stage. But, 
nine hours after fertilization one side of the radially symmetrical larvae becomes 
flat (Fig. 9) and the organization of the adult lamp-shell is decided. That is, the 
flat side becomes anterior and the opposite side somewhat pointed posterior. 
The surface represented by the presence of blastopore gives rise to the ventral 
and the opposite side to the dorsal. The larvae become elongated along the antero-
posterior axis and take a wedge-shape pointing towards the posterior side in side 
yiew. At about twenty hours two constricted rings appear perpendicular to the 
antero-posterior axis, and the head, mantle and peduncle are distinguished. The 
posterior rims of the heads of both species were observed to be ornamented by a 
line of cells (Fig. 10). The blastopore which is a circular opening at the early 
gastrula becomes narrowed side by side, and elongated antero-posteriorly, and 
closed not much later. At about 25 hours two pairs of setae appear under the 
mantle which is distributed toward the posterior part covering the base. of the 
peduncle. One pair is formed bilaterally at the dorsal side and another pair at the 
dorso-lateral side (Fig. 11, 12). The apical tuft observed at the antero-dorsal side 
of the head disappears. At about 30 hours a pair of a mass of pigment spot is 
found bilaterally at the apex of the head, located slightly at the dorsal side. The 
pigment is red in color and a mass is composed of about ten spots. Further .dif-
ferentiation of the larva of Coptothytis grayi was not observed from this stage. 
In the Terebratalia larva of three to four days old a pair of another mass of·pigtnent 
spots is found bilaterally at the ventral side of the anterior base of the mantie. 
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Figs. 1-12. Developmental stages of Terebratalia coreanica 
1. Egg freshly taken out from the ovary. Polar view. x 230. 2. Mature, 
unfertilized egg. Side view. x230. 3. Formation of the polar bodies. Side 
view. x230. 4. 2-cell stage. x230. 5. 8-cell stage. Polar view. x230. 
6. Morula. x 230. 7. Gastrula. Eight hours after fertilization. Side view. 
x 230. 8. The same as Fig. 7. Vegetal-polar view. x230. 9. 12 hours 
after fertilization. Side view. x 230. 10. 20 hours after fertilization. Side 
view. x230. 11. 72 hours after fertilization. Dorsal view. x130. 12. The 
same as Fig. 11. Side view. x 130. 
79 
so HIRAI, E. and T. FUKUSHI 
The pigment spots of the mantle are smaller, more numerous, and more compact 
than those of the head. The cilia of the mantle and peduncle become immobile 
and soon later disappear. The head of this species is covered with cilia. The cilia 
around the posterior half of the head are longer than those of the upper part of the 
head, and show a ciliated ring like the protroch of the trochophore. The length 
of the larva from the head to the peduncle measures about 170 microns. The body 
of the living larva expanded and contracted antero-posteriorly, the head moved 
freely on its neck, and the peduncle was flexible dorso-ventrally. The larvae of 
this species hardly attached to the glass vessel, but in one case of the present 
observations many larvae could be observed attached to the bottom of the glass 
vessel 12 days after fertilization. Some special conditions seem to be necessary for 
attachment of the larva of this species as suggested from that of Frenulina 
sanguinolenta which attaches to the living Lithothamnion gravel (Harada, I, 
and R. Mano, 1960). The attached larvae of the present species metamorphosed 
to a young lamp-shell one or two days after attachment. 
The writers wish to express their hearty thanks to Mr. Sarnmatsu Shibazaki, 
the N oheji Fisheries Association, for his kind assistance in collecting the materials. 
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